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Recommendations

Major Recommendations
The strength of therapeutic recommendations (Strong, Moderate, Optional) is defined at the end of the "Major Recommendations" field.

Genetic Test Interpretation

Each named * allele is defined by the genotype at one or more specific single-nucleotide polymorphisms (see Supplementary Table S1 [see the
"Availability of Companion Documents" field]). The function associated with these allelic variants is summarized in Supplementary Table S2. The
assignment of the likely cytochrome P450 (CYP)345 (CYP3A5) phenotype, based on * allele diplotypes, is summarized in Table 1 below.
CYP3A5 alleles have been extensively studied in groups with diverse geographic ancestries (see Supplementary Table S3). One of the limitations
inherent in a genotype-only test is that rare or de novo variants may not be included in commercially available genotyping tests.

Table 1. Assignment of Likely Metabolism Phenotypes Based on CYP3A5 Diplotypes

Likely Phenotype Genotype Examples of Diplotypesa

Extensive metabolizer (CYP3A5
expresser)

An individual carrying two functional alleles *1/*1

Intermediate metabolizer (CYP3A5
expresser)

An individual carrying one functional allele and one
nonfunctional allele

*1/*3, *1/*6, *1/*7

Poor metabolizer (CYP3A5
nonexpresser)

An individual carrying two nonfunctional alleles *3/*3, *6/*6, *7/*7, *3/*6, *3/*7,
*6/*7

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=25801146


Likely Phenotype Genotype Examples of Diplotypesa

aAdditional rare variants, such as CYP3A5*2, *8, and *9 may be found, which are of unknown functional significance. However, if a copy of *1 is present, expected phenotype would
be intermediate metabolizer.

Table 2. Dosing Recommendations for Tacrolimus Based on CYP3A5 Phenotype

CYP3A5
Phenotypea

Implications for Tacrolimus
Pharmacologic Measures

Therapeutic Recommendationsb Classification of
Recommendations

Extensive
metabolizer
(CYP3A5
expresser)

Lower dose-adjusted trough
concentrations of tacrolimus and
decreased chance of achieving target
tacrolimus concentrations

Increase starting dose 1.5 to 2 times recommended
starting dose.c Total starting dose should not exceed 0.3
mg/kg/day. Use therapeutic drug monitoring to guide
dose adjustments.

Strong

Intermediate
metabolizer
(CYP3A5
expresser)

Lower dose-adjusted trough
concentrations of tacrolimus and
decreased chance of achieving target
tacrolimus concentrations

Increase starting dose 1.5 to 2 times recommended
starting dose.a Total starting dose should not exceed 0.3
mg/kg/day. Use therapeutic drug monitoring to guide
dose adjustments.

Strong

Poor
metabolizer
(CYP3A5
nonexpresser)

Higher ("normal") dose-adjusted trough
concentrations of tacrolimus and
increased chance of achieving target
tacrolimus concentrations

Initiate therapy with standard recommended dose. Use
therapeutic drug monitoring to guide dose adjustments.

Strong

aTypically, with other CYP enzymes, an extensive metabolizer would be classified as a "normal" metabolizer, and, therefore, the drug dose would not change based on the patient's
genotype. However, in the case of CYP3A5 and tacrolimus, a CYP3A5 expresser (i.e., CYP3A5 extensive metabolizer or intermediate metabolizer) would require a higher
recommended starting dose and the CYP3A5 nonexpresser (i.e., poor metabolizer) would require the standard recommended starting dose.

bThis recommendation includes the use of tacrolimus in kidney, heart, lung, and hematopoietic stem cell transplant patients, and liver transplant patients in which the donor and
recipient genotypes are identical.

cFurther dose adjustments or selection of alternative therapy may be necessary because of other clinical factors (e.g., medication interactions, or hepatic function).

Therapeutic Recommendations

This guideline is not intended to recommend for or against CYP3A5 genotype testing in transplants. The current evidence for utility of CYP3A5
genotyping to guide tacrolimus dosing is limited to CYP3A5's effect on tacrolimus pharmacokinetic parameters, with no direct evidence for
improved clinical immunosuppressant outcome. As a result, the authors are not recommending whether or not to test for the CYP3A5 genotype in
transplants, but they are providing recommendations on how to use CYP3A5 genotype information if it is known. Since it is typical clinical practice
to achieve target blood concentrations as quickly as possible, the authors do recommend if CYP3A5 genotype is known, to individualize initial
tacrolimus treatment using CYP3A5 genotype to guide tacrolimus dosing, as outlined in Table 2 above. Transplant recipients with the poor
metabolizer phenotype (Table 1 above) should receive the standard dosing of medication based on the tacrolimus package insert. Those recipients
with an extensive or intermediate metabolizer phenotype will generally require an increased dose of tacrolimus to achieve therapeutic drug
concentrations. The authors recommend a dose 1.5 to 2 times higher than standard dosing, but not to exceed 0.3 mg/kg/day, followed by
therapeutic drug monitoring (TDM), given the risk of arterial vasoconstriction, hypertension, and nephrotoxicity that can occur with
supratherapeutic tacrolimus concentrations. In addition, concomitant medications, abnormal liver function, or presence of clinical conditions, such
as diarrhea, must be taken into consideration when dosing tacrolimus (see the section "Other Considerations" in the original guideline document".

Given the availability of TDM, genetic testing is most helpful before initiation of the drug in order to more rapidly achieve therapeutic drug
concentrations. This was illustrated in a randomized controlled trial in which target tacrolimus blood concentrations were achieved earlier in new
kidney transplant recipients whose tacrolimus dose was chosen based on CYP3A5 genotype versus a control group that started tacrolimus based
on standard weight-based dosing. In this study, patients received induction therapy with either basiliximab or antithymocyte globulin. Extensive
metabolizers in the genotyped-dosed group had an increase in tacrolimus dose to 0.3 mg/kg/day, whereas the poor metabolizers had a decrease to
0.15 mg/kg/day, and the control group received 0.2 mg/kg/day. TDM was used in both groups. At three days after starting treatment with
tacrolimus, significantly more of the transplant recipients in the genotyping group compared with control recipients had achieved target range
(43.2% vs. 29.1%, respectively). However, it should be noted that tacrolimus was not started until day seven while awaiting genotyping test
results, which may differ from standard treatments with a start of tacrolimus at the time of transplantation. No differences were seen in patient
survival, nephrotoxicity, or acute rejection between the groups over the three-month follow-up. With this study as the only published randomized
control trial, more data are needed to understand if dosing tacrolimus by genotype will affect clinical outcomes. However, a recent meta-analysis
including 21 studies evaluating the effect of CYP3A5 polymorphism on kidney transplant recipients concluded that there is a significantly increased
risk for transplant rejection for those with the CYP3A5*1/*1 or CYP3A5*1/*3 genotype (P=0.04; odds ratio=1.32). Furthermore, patients with



the CYP3A5*3/*3 (nonexpresser) genotype exhibited dose adjusted trough concentrations 1.8 to 2.5 times higher than CYP3A5 expressers
during the first year after transplantation.

Thus, at present, there is no definitive evidence to indicate that genotype-guided dosing for tacrolimus affects long-term clinical outcomes.
However, there is strong evidence to support its effect on achieving target trough whole blood concentrations, which is routine clinical practice for
most centers (see Supplementary Table S4). Besides initial dose, genotype-guided dosing may also be useful in patients in whom achieving
therapeutic blood concentrations has been difficult, where the genotype may provide some additional information to discern the reason.

In liver transplant recipients, the CYP3A5 genotype of the donor liver may not be the same as the CYP3A5 genotype of the recipient intestine. In
these cases, it may be necessary to account for both the donor and recipient genotypes when determining the dose. However, studies to date have
been inconclusive as to the relative influence of the donor and recipient genotypes, and whether donor liver and recipient intestinal genotypes come
into play at different points post-transplant. While some studies show that the donor genotype affects dose-adjusted trough concentrations from the
first week post-transplant, others show that it does not begin to play a role until the second week or even the sixth month post-transplant. Evidence
is also conflicting for recipient intestinal genotype: a few studies show that it never significantly affects tacrolimus concentrations, whereas others
show its influence on concentrations is only significant up to the point at which the donor genotype becomes significant. Because of the small
number of studies analyzing these cases, as well as inconsistent results, this guideline recommendation only includes kidney, heart, lung, and
hematopoietic stem cell transplant patients, and liver transplant patients in which the donor and recipient genotypes are identical.

Pediatrics

The effect of CYP3A5 genotype on dose-corrected tacrolimus concentration in pediatric populations has been studied in several clinical settings,
including heart and liver transplantation, but most extensively following kidney transplantation. Unfortunately, available data vary in terms of study
duration following transplant and inclusion of additional factors that impact the dose-exposure relationship. In general, although the dose-exposure
relationship changes over time regardless of genotype, dose-corrected tacrolimus trough concentrations are 1.5- to 2-fold higher in kidney
transplant patients with CYP3A5*3/*3 genotypes compared with patients with CYP3A5*1/*1 or *1/*3 genotypes over the first two to four weeks
post-transplant, at six months, and throughout the first year post-transplant. However, patient age and concurrent drug therapy also contribute to
variability in the tacrolimus dose-exposure relationship in children. For example, post-pubertal renal transplant patients (age >12 years) have higher
dose-corrected tacrolimus concentrations compared with younger children in the first two to three week posttransplantation period or over the first
year post-transplant, indicative of a lower dose requirement to achieve a comparable target concentration. Thus, for children and adolescents with
at least one CYP3A5*1 allele, a 1.5- to 2-fold increase in dose followed by TDM as recommended for adults seems appropriate.

Definitions

Strength of Therapeutic Recommendations

Strong: The evidence is high quality and the desirable effects clearly outweigh the undesirable effects.

Moderate: There is a close or uncertain balance as to whether the evidence is high quality and the desirable clearly outweigh the undesirable
effects.

Optional: The desirable effects are closely balanced with undesirable effects and there is room for differences of opinion as to the need for the
recommended course of action.

Clinical Algorithm(s)
The following algorithms are provided in the Supplemental Material (see the "Availability of Companion Documents" field):

CYP3A5 Pharmacogenetic Test Result: Clinical Implementation Workflow for EHR
CYP3A5 Genotype and Tacrolimus: Point of Care Clinical Decision Support

Scope

Disease/Condition(s)
Acute rejection after solid organ and hematopoietic stem cell transplantation



Guideline Category
Prevention

Risk Assessment

Treatment

Clinical Specialty
Internal Medicine

Medical Genetics

Pathology

Pediatrics

Pharmacology

Intended Users
Advanced Practice Nurses

Pharmacists

Physician Assistants

Physicians

Guideline Objective(s)
To provide information relevant to the interpretation of cytochrome P450 (CYP)3A5 (CYP3A5) genotype results to guide dosing of tacrolimus

Target Population
Individuals undergoing solid organ or hematopoietic stem cell transplantation who are receiving tacrolimus treatment

Interventions and Practices Considered
1. Use of cytochrome P450 (CYP)3A5 (CYP3A5) genotyping to guide tacrolimus dosing
2. Use of therapeutic drug monitoring (TDM) to guide tacrolimus dose adjustments

Major Outcomes Considered
In vivo clinical outcome (e.g., nephrotoxicity, transplant rejection) for tacrolimus in individuals who vary by cytochrome P450 (CYP)3A5
(CYP3A5) rs776746 genotype/phenotype
In vivo or in vitro pharmacokinetics (e.g., dose-adjusted trough concentrations, clearance) for tacrolimus in individuals who vary by
CYP3A5 rs776746 genotype/phenotype

Methodology

Methods Used to Collect/Select the Evidence



Methods Used to Collect/Select the Evidence
Searches of Electronic Databases

Description of Methods Used to Collect/Select the Evidence
Literature Review

The authors searched the PubMed database (1966 to January 2015) and Ovid MEDLINE (1950 to January 2015) using several keyword
strategies: tacrolimus AND CYP3A5 OR tacrolimus AND CYP3A4. Literature evidence for this guideline was annotated, organized, and
assessed using PharmGKB Web tools (http://www.pharmgkb.org ). All papers used as literature evidence for this
guideline can be found on the PharmGKB Web site .

Using the specified search criteria, 201 publications were identified after excluding non-English manuscripts or review articles. Inclusion criteria
included publications discussing in vivo clinical outcome (e.g., nephrotoxicity, transplant rejection) for tacrolimus in individuals who vary by
cytochrome P450 (CYP)3A5 (CYP3A5) rs776746 genotype/phenotype and in vivo or in vitro pharmacokinetic data (e.g., dose-adjusted trough
concentrations, clearance) for tacrolimus in individuals who vary by CYP3A5 rs776746 genotype/phenotype.

To construct a CYP3A5*1, *3, *6 and *7 allele frequency table based on ethnicity, the PubMed database (1966 to July 2014) was searched
using the criteria CYP3A5 allele frequency AND CYP3A5 polymorphism frequency with filter limits set to retrieve "English" literature. Studies from
the literature review were also used to construct the frequency table. Studies were considered for inclusion if (1) the ethnicity of the population was
clearly indicated; (2) only one ethnicity was analyzed, or in cases where multiple ethnicities were studied, allele frequencies were given for each
ethnicity separately; (3) either allele frequencies or alleles for CYP3A5*1, *3, *6, or*7 genotypes were reported; (4) the method by which
CYP3A5 was genotyped was reliable; (5) the sample size was at least 15 subjects; and (6) the study represented publication of novel data (no
reviews or meta-analyses). The combined analysis included 5,285 Africans, 8,226 Asians, 5,954 Caucasians, 2,144 Latin Americans, 1,401
Middle Easterners and 1,411 Southwest Asians.

Number of Source Documents
Following application of the inclusion criteria, 187 publications were reviewed and included in the evidence table.

Methods Used to Assess the Quality and Strength of the Evidence
Weighting According to a Rating Scheme (Scheme Given)

Rating Scheme for the Strength of the Evidence
Levels of Evidence

High: Evidence includes consistent results from well-designed, well-conducted studies.

Moderate: Evidence is sufficient to determine effects, but the strength of the evidence is limited by the number, quality, or consistency of the
individual studies; generalizability to routine practice; or indirect nature of the evidence.

Weak: Evidence is insufficient to assess the effects on health outcomes because of limited number or power of studies, important flaws in their
design or conduct, gaps in the chain of evidence, or lack of information.

Methods Used to Analyze the Evidence
Review of Published Meta-Analyses

Systematic Review with Evidence Tables

/Home/Disclaimer?id=49492&contentType=summary&redirect=http%3a%2f%2fwww.pharmgkb.org
/Home/Disclaimer?id=49492&contentType=summary&redirect=http%3a%2f%2fwww.pharmgkb.org


Description of the Methods Used to Analyze the Evidence
The Clinical Pharmacogenetics Implementation Consortium's (CPIC's) dosing recommendations are based on weighting the evidence from a
combination of preclinical functional and clinical data, as well as on some existing disease-specific consensus guidelines. Some of the factors that
are taken into account include in vivo clinical outcome data for tacrolimus, in vivo pharmacokinetic data for tacrolimus, and in vitro
pharmacokinetic data for tacrolimus.

The evidence summarized in Supplemental Table S4 (see the "Availability of Companion Documents" field) is graded using a scaled modified
slightly from Valdes et al. (see the "Rating Scheme for the Strength of the Evidence" field).

Methods Used to Formulate the Recommendations
Expert Consensus

Description of Methods Used to Formulate the Recommendations
Overall, the dosing recommendations are simplified to allow rapid interpretation by clinicians. The authors chose to use a slight modification of a
transparent and simple system for just three categories for recommendations adopted from the rating scale for evidence-based recommendations
on the use of retroviral agents (http://aidsinfo.nih.gov/contentfiles/AdultandAdolescentGL.pdf ) (see the "Rating Scheme
for the Strength of the Recommendations" field).

Rating Scheme for the Strength of the Recommendations
Strength of Therapeutic Recommendations

Strong: The evidence is high quality and the desirable effects clearly outweigh the undesirable effects.

Moderate: There is a close or uncertain balance as to whether the evidence is high quality and the desirable clearly outweigh the undesirable
effects.

Optional: The desirable effects are closely balanced with undesirable effects and there is room for differences of opinion as to the need for the
recommended course of action.

Cost Analysis
Analyses of cost-effectiveness are not discussed.

Method of Guideline Validation
Peer Review

Description of Method of Guideline Validation
Not stated

Evidence Supporting the Recommendations

Type of Evidence Supporting the Recommendations
The type of supporting evidence is identified and graded for each recommendation (see the "Major Recommendations" field).

https://aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf


Benefits/Harms of Implementing the Guideline Recommendations

Potential Benefits
Tacrolimus dosing is routinely directed by therapeutic drug monitoring (TDM). Yet, for patients who have an existing cytochrome P450
(CYP)3A5 (CYP3A5) genotyping result, CYP3A5 genotype-guided dosing can achieve initial target tacrolimus concentrations more quickly after
transplantation even when TDM-based titration is used. Faster achievement of target concentrations could potentially reduce the risk of graft
rejection because of underexposure and toxicity because of overexposure. However, prospective clinical trials are needed to assess if CYP3A5
genotype-guided dosing improves these outcomes.

Potential Harms
Tacrolimus in clinical use is complicated by its high between-patient variability in pharmacokinetics as well as its narrow therapeutic index.
This may lead to underexposure, potentially increasing the risk of rejection, or overexposure, with risk of toxicity, including nephrotoxicity,
hypertension, neurotoxicity, and hyperglycemia.
Although therapeutic drug monitoring (TDM) is helpful for adjusting subsequent doses based on blood concentrations, it provides no
information for the initial dose. Individual differences in first pass metabolism may delay reaching target blood concentrations with the initial
selected dose. Furthermore, although achieving target blood concentrations does not always ensure efficacy or diminish adverse events,
target blood concentrations specific for organ type and time post-transplant are available in the package insert and established by consensus
guidelines.
Several drugs (drug-drug interactions) are important to consider, especially nondihydropyridine calcium channel blockers and azole
antifungals that are commonly coadministered in the transplant population. The drug interaction with the azole antifungals has been reported
to be less profound in cytochrome P450 (CYP)3A5 (CYP3A5) expressers. For additional information on tacrolimus drug interactions, see
the review by van Gelder (2002). Specific patient factors, such as fasting or diarrhea, may cause altered absorption that can affect
tacrolimus concentrations. This has been extensively reviewed in an article by Staatz et al(2004).
Additional genetic variants described in the literature but with unclear effects on tacrolimus metabolism due to either limited or conflicting
studies include CYP3A4*22, POR*28, PPAR alpha, and ABCB1. A critical issue in predicting tacrolimus clearance  is the relative
contribution of CYP3A4 compared to CYP3A5 to its metabolism. Because of the complete loss of metabolic activity with the CYP3A5*3
allele, the impact of variation in CYP3A4 may be high in those with no CYP3A5 expression. Of note, donor CYP3A5 genotype may play a
role in pharmacodynamics. In kidney transplant recipients, the CYP3A5 genotype together with the donor ABCB1 genotype may affect the
susceptibility of the kidney for tacrolimus nephrotoxicity. While the current guideline refers to using the recipient CYP3A5 genotype to guide
selection of the optimal initial dose for tacrolimus, one can expect the potential for greater predictive value in polygenic algorithms. A further
confounding factor is the influence of ethnicity. Although it was initially hypothesized that individuals of African origin require high doses of
tacrolimus because of expression of CYP3A5, these individuals have a high dose requirement for tacrolimus, irrespective of CYP3A5
genotype. This finding suggests other factors besides CYP3A5 genotype are important in individuals of sub-Saharan African descent.
CYP3A5 genotyping cannot replace therapeutic drug monitoring, as other factors (i.e., demographic factors, drug–drug interactions, and
genetic variation affecting tacrolimus pharmacodynamics) also influence tacrolimus dose requirements. As with any genetic test, a possible
risk is the misreporting or misinterpretation of genotype test results. An error in genotyping could result in an increase in tacrolimus dose and
subsequently overexposure. However, anticipated effects are limited because of stringent TDM.

Qualifying Statements

Qualifying Statements
Disclaimer

Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines reflect expert consensus based on clinical evidence and peer-reviewed
literature available at the time they are written, and are intended only to assist clinicians in decision-making, as well as to identify questions for
further research. New evidence may have emerged since the time a guideline was submitted for publication. Guidelines are limited in scope and are
not applicable to interventions or diseases not specifically identified. Guidelines do not account for all individual variations among patients and
cannot be considered inclusive of all proper methods of care or exclusive of other treatments. It remains the responsibility of the health care



provider to determine the best course of treatment for the patient. Adherence to any guideline is voluntary, with the ultimate determination
regarding its application to be solely made by the clinician and the patient. CPIC assumes no responsibility for any injury to persons or damage to
property related to any use of CPIC's guidelines, or for any errors or omissions.

Caveats: Appropriate Use and/or Potential Misuse of Genetic Tests

Dose alterations based on cytochrome P450 (CYP)3A5 (CYP3A5) genotype may result in faster achievement of target tacrolimus concentrations
with fewer dose adjustments. In addition, several clinical caveats apply: (1) clinical factors (e.g., age, concomitant drugs) affect tacrolimus
concentrations; (2) variants in genes other than CYP3A5 may affect tacrolimus pharmacokinetics and therefore overall exposure; (3) the
relationship between tacrolimus concentration and efficacy and toxicity varies among individuals (pharmacodynamic variability); (4) the genetic
determinants of tacrolimus efficacy and toxicity (pharmacodynamics) are not defined; (5) altering initial tacrolimus dosing based on CYP3A5
genotype has not been shown to improve efficacy or reduce toxicity; and (6) monitoring of tacrolimus blood concentration remains indicated during
treatment. With the expansion of the knowledge base, further refinement of the genotype-based dosing recommendations may be required.

Implementation of the Guideline

Description of Implementation Strategy
The Supplementary Material (see the "Availability of Companion Documents" field) contains example clinical decision support tools that can be
used within electronic health records, which assist clinicians to use genetic information to optimize drug therapy. Clinical implementation resources
include cross-references for drug and gene names to widely used terminologies and standardized nomenclature systems (see Supplementary Tables
S5 and S6), workflow diagrams (see Supplementary Figures S1 and S2), and example text for documentation in the electronic health record and
point-of care alerts (see Supplementary Tables S7 and S8).

Implementation Tools
Clinical Algorithm

Resources

Institute of Medicine (IOM) National Healthcare Quality Report
Categories

IOM Care Need
Living with Illness

Staying Healthy

IOM Domain
Effectiveness

Safety

Identifying Information and Availability

Bibliographic Source(s)

For information about availability, see the Availability of Companion Documents and Patient Resources fields below.



Bibliographic Source(s)

Birdwell KA, Decker B, Barbarino JM, Peterson JF, Stein CM, Sadee W, Wang D, Vinks AA, He Y, Swen JJ, Leeder JS, van Schaik
RHN, Thummel KE, Klein TE, Caudle KE, MacPhee IAM. Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines for
CYP3A5 genotype and tacrolimus dosing. Clin Pharmacol Ther. 2015 Jul;98(1):19-24. [40 references] PubMed

Adaptation
Not applicable: The guideline was not adapted from another source.

Date Released
2015 Jul

Guideline Developer(s)
Clinical Pharmacogenetics Implementation Consortium - Independent Expert Panel

Source(s) of Funding
This work was funded by National Institutes of Health (NIH) grants, GM109145, U01 GM092655, K23 GM100183, UL1TR000445, and U01
GM092676.

Guideline Committee
Not stated

Composition of Group That Authored the Guideline
Authors: KA Birdwell, Division of Nephrology Department of Medicine, Vanderbilt University, Nashville, Tennessee, USA; B Decker, Division
of Nephrology and Division of Clinical Pharmacology, Indiana University School of Medicine, Indianapolis, Indiana, USA; JM Barbarino,
Department of Genetics, Stanford University, Stanford, California, USA; JF Peterson, Department of Medicine, Department of Biomedical
Informatics, Vanderbilt University, Nashville, Tennessee, USA; CM Stein, Department of Medicine, Department of Pharmacology, Vanderbilt
University, Nashville, Tennessee, USA; W Sadee, Center for Pharmacogenomics, School of Medicine, The Ohio State University, Columbus,
Ohio, USA; D Wang, Center for Pharmacogenomics, School of Medicine, The Ohio State University, Columbus, Ohio, USA; AA Vinks, Division
of Clinical Pharmacology, Cincinnati Children's Hospital Medical Center, Department of Pediatrics, College of Medicine, University of Cincinnati,
Cincinnati, Ohio, USA; Y He, Institute of Clinical Pharmacology, Central South University, Changsha, Hunan, Peoples Republic of China; JJ
Swen, Department of Clinical Pharmacy and Toxicology, Leiden University Medical Center, Leiden, The Netherlands; JS Leeder, Division of
Clinical Pharmacology and Therapeutic Innovation, Department of Pediatrics, Children's Mercy Hospitals and Clinics, Kansas City, Missouri,
USA; RHN van Schaik, Department of Clinical Chemistry, Erasmus MC Rotterdam, The Netherlands; KE Thummel, Department of
Pharmaceutics, University of Washington, Seattle, Washington, USA; TE Klein, Department of Genetics, Stanford University, Stanford, California,
USA; KE Caudle, Department of Pharmaceutical Sciences, St. Jude Children's Research Hospital, Memphis, Tennessee, USA; IAM MacPhee,
Institute of Medical and Biomedical Education, Renal Medicine, St. George's, University of London, London, UK

Financial Disclosures/Conflicts of Interest
W.S. and D.W. have a patent pending for a combined cytochrome P450 (CYP)3A4/5 (CYP3A4/5) genotype panel. All other authors declare no
conflicts.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=25801146


Guideline Status
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All guidelines summarized by NGC and hosted on our site are produced under the auspices of medical specialty societies, relevant professional
associations, public or private organizations, other government agencies, health care organizations or plans, and similar entities.
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Readers with questions regarding guideline content are directed to contact the guideline developer.
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